Proxisome proliferator-activated receptor-α mediates high-fat, diet-enhanced daily oscillation of plasminogen activator inhibitor-1 activity in mice.
Acute thrombotic events frequently occur in the early morning among hyperlipidemic patients. The activity of plasminogen activator inhibitor-1 (PAI-1), a potent inhibitor of the fibrinolytic system, oscillates daily, and this is considered one mechanism that underlies the morning onset of acute thrombotic events in hyperlipidemia. Although several studies have reported the expression of the PAI-1 gene is under the control of the circadian clock system, the molecular mechanism of the circadian transactivation of PAI-1 gene under hyperlipidemic conditions remains to be elucidated. Here, the authors investigated whether hyperlipidemia induced by a high-fat diet (HFD) enhances the daily oscillation of plasma PAI-1 activity in mice. The mRNA levels of the PAI-1 gene were increased and rhythmically fluctuated with high-oscillation amplitude in the livers of wild-type mice fed with the HFD. Circadian expression of proxisome proliferator-activated receptor-α (PPARα) mRNA was also augmented as well as that of PAI-1. Chromatin immunoprecipitation showed the HFD-induced hyperlipidemia significantly increased the binding of PPARα to the PAI-1 promoter. Luciferase reporter analysis using primary hepatocytes revealed CLOCK/BMAL1-mediated PAI-1 promoter activity was synergistically enhanced by cotransfection with PPARα/retinoid X receptor-α (RXRα), and this synergistic transactivation was repressed by negative limbs of the circadian clock, PERIOD2 and CRYPTOCHROME1. As expected, HFD-induced PAI-1 mRNA expression was significantly attenuated in PPARα-null mice. These results suggest a molecular link between the circadian clock and lipid metabolism system in the regulation of PAI-1 gene expression, and provide an aid for understanding why hyperlipidemia increases the risk of acute thrombotic events in the morning.